We report the realization of a dual surface plasmon polariton (SPP) microscope based on leakage radiation (LR) analysis. The microscope can either image SPP propagation in the direct space or tin the Fourier space. This particularity allows in turn manipulation of the LR image for a clear separation of different interfering SPP contributions present close to optical nanoelements . * Electronic address: aurelien.drezet@uni-graz.at 1
The miniaturization of optical elements and devises into nanoscale dimensions is restricted by the diffraction limit to about half of the effective light wavelength. One promising way to avoid this restriction is the use of surface plasmon polaritons (SPPs) instead of light waves.
SPPs are quasi-two-dimensional electromagnetic waves of electron excitations, propagating at a metal-dielectric interface and having field components decaying exponentially into both neighboring media [1] . As was recently demonstrated [2] [3] [4] , to image the spatial SPP profile, besides near-field optical microscopy [5] or fluorescence mapping [6] , leakage radiation (LR) imaging microscopy can be applied. It was shown that this new approach allows for quantitative measurements of the spatial SPP field profile by deducing SPP reflection, transmission, and scattering efficiencies for various surface nanostructures [4, 7] . In parallel to this LR microscopy in the direct space it has been recently experimentally demonstrated that LR imaging is equivalently possible in the Fourier space [8] ,e. g., imaging in the SPP wavevector space. Here, based on the use of a dual LR microscopy working in both the direct and Fourier space, we present the next development of LR imaging microscope and we discuss new possibilities for imaging and controlling of SPPs. In particular we show how by acting in the Fourier space this method can be applied to erase from the final image in the direct space SPP interferences fringes existing close to structure like Bragg mirror [6, 7] .
This in turn allows quantitative analysis in a spatial region where near field optics can not resolve and distinguish the different SPP field components contributing to the SPP image.
The intensity decay length of a plane SPP wave in a perfectly planar metal film between two dielectric media defines its intrinsic decay length L SPP = 1/2k" SPP , which is a measure of the "ideality" of the electron gas. k" SPP is defined as the imaginary part of the complex SPP wave vector k SPP = k ′ SPP + ik" SPP . Intrinsic losses are caused by inelastic scattering of conduction electrons, scattering of electrons at interfaces and leakage radiation LR [1] .
LR is emitted from the interface between a metal thin film and the higher refractive index medium (glass substrate) [4, 7] . When the electromagnetic SPPs field cross the metal film and reach the substrate, LR appears at a characteristic angle of inclination θ LR with respect to the interface normal. At this angle the LR wave satisfies k ′ SPP = 2π/λ SP P = nk 0 sinθ LR , where nk 0 is the wave vectors of LR, n being the refractive index of the glass substrate, and λ SP P the SPP wavelength. Although LR contributes to SPP damping, it permits the direct mapping of the SPP propagation at the air/metal interface. Indeed, the intensity collected at any point P ′ of the image plane Σ ′ of the LR microscope with a charged-coupled-device (CCD) camera is directly proportional to the intensity of SPPs at the conjugate point P located on the air/metal boundary, i. e. , in the object plane Σ of the microscope. [4, 7] .
The new LR microscope with the improvements discussed in the following is sketched on is illustrated in Fig. 3 which shows LR images of SPPs launched by a ridge and reflected by a Bragg mirror [5] [6] [7] . The Bragg mirror considered here has been optimized for 45
• incidence angle with respect to the direction normal to Bragg's mirror in the sample plane.
The mirror is made of gold ridges (60 nm height, 140 nm wide) separated by a distance λ SP P / √ 2 ≃ 556nm as described in [5] . • , see Fig. 3b ). This method of generating a parallel SPPs beam can be considered as an alternative to prism technics used in PSTM imaging [5] . The black shadow in the transmitted beam of Fig. 3b shows directly in counterpart the reflectivity acceptance angle of the Bragg mirror. Both approach can be thus useful for understanding SPPs reflectivity of such system. Additionally it must be added that in order to observe SPPs reflectivity with a narrow beam like in Fig. 3a limited to correction of artefact or improvement in LR images quality. Indeed the definition of Fourier optics itself allow us to manipulate the images in order to extract some relevant physical information hidden in the pictures. This is illustrated in Fig. 4 which shows LR images of SPP reflected at large incidence angle (e. g. , θ inc = 66
• ) on a Bragg mirror like the one shown in Fig. 3 . Interference between the incident and reflected SPP field give rises to fringes in the region close to the mirror (see Fig. 4a ). The presence of interference prohibit a simple and direct analysis of SPP reflection. However as shown in Fig. 4d In summary, Thus, based on conventional microscopy dual LR imaging proves to be a quick and reliable technique for probing SPP fields with the advantage of providing possible quantitative analysis in both Fourier and direct space. This dual method is particulary adapted to analysis of SPP propagation in region where different beams interfere and where different contributions can thus be selectively erased for subsequent analysis.
